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(57) Abstract 

A pharmaceutical preparation which, as an active component contains an agent that will block EPI activity (EPI inhibitor), 
is useful in the treatment of patients with prolonged coagulation time. 
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PHARMACEUTICAL PREPARATION FOR THE TREATMENT OF PROLONGED 
COAGULATION TIME 

FIELD OP INVENTION 

The present invention relates to agents that block EPI activity 
and the use of these agents to produce preparations that will 
affect the haemostatic balance* 

5 BACKGROUND OF THE INVENTION 

Coagulation is a complex process involving many protein 
factors. The coagulation process can be initiated via the 
intrinsic pathway through contact with a foreign surf ace or via 
the extrinsic pathway through contact with damaged tissue. By 
10 extrinsic activation the circulating blood comes in contact 
with tissue factor (TF) . TF is a cof actor for coagulation 
factor VII (FVII) and the TF-FVII/TF-FVIIa complex activates FX 
and FIX. Due to the activation of FIX, "intrinsic coagulation" 
is also influenced by TF activation and an increasing amount of 
15 evidence indicate that TF-FVII activation is most important for 
the initiation of the coagulation reaction (dsterud and 
Rapaport, Proc Natl. Acad Sci USA 74, p 5260, 1977). The 
coagulation factors of the extrinsic pathway are inhibited by 
EPI (Extrinsic Pathway Inhibitor) also called IACI (Broze and 
20 Miletich, Blood 69, p 150, 1987). EPI is a Kunitz type protease 
inhibitor which binds and inhibits FXa. The EPI-FXa complex 
inhibits FVIla-TF (Rapaport, Blood 73, p 359, 1989). The 
significance of EPI for the coagulation reaction has not yet 
been established since only unphysiological high concentrations 
25 affects conventional coagulation assays (Broze et al., Bio- 
chemistry 29, p 7539, 1990). Therefore, EPI activity is 
measured in sophisticated assays where EPI is allowed to bind 
FXd and the EPI-FXa is added to TF-FVII reactants that may 
activate FIX or FX (Bajaj et al. , J Clin Invest 79, p 1974, 
30 1987; Sandset et al., Thromb Res 47, p 389, 1987). 

In normal haemostasis the coagulation factors are in balance 
with each other. However, in some circumstances excessive 
bleeding is observed. Examples are: haemophilia caused by lack 
f FVIII or FIX, Idiopatic Thrombocytopenia (ITP) caused by 
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reduced platelet counts. Also surgery often causes excessive 
bleeding. Examples of agents that can be used for the preven- 
tion of bleeding are: FIX, FVIII, FVIIa, aprotinin and tranexa- 
mic acid. 



5 DISCLOSURE Off THE INVENTION 

The present invention shows that agents which block EPI 
acitvity will also be able to reduce bleeding tendencies. This 
is surprising since EPI by itself has not yet been shown to 
affect the haemostatic balance. However, we have made the 
10 following new observations: 

1. In coagulation assay plasma EPI is more active than EPI 
produced by recombinant technique (rEPI) . 

2. Coagulation induced by very dilute TF is dependent on 
plasma EPI and thus EPI affects the haemostatic balance. 

15 3. Antibodies that block EPI activity (anti-EPI) shorten the 
coagulation time of normal plasma. 

4. Anti-EPI shortens the coagulation time of haemophilia 
plasma. 

These observations indicate that blocking of EPI will reduce 
20 bleeding tendencies. 

Previously it has only been possible to accelerate the coagula- 
tion process in normal plasma by adding a coagulation initiator 
(tissue factor, kaolin, etc.) or an active enzyme (thrombin, 
FXa, etc) . Our experiments provide evidence that it is also 
25 possible to accelerate the coagulation process by blocking a 
plasma protein (EPI) . 
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Intrinsic coagulation is usually measured in APTT assays where 
coagulation is initiated by Kaolin , phospholipids and Ca 2 *. High 
concentrations of EPI are need d to affect the APTT assay 
(Broze, Biochemistry 29,, p 7539, 1990). Extrinsic c agulation 
5 is measured in PT assays where coagulation is initiated by 
tissue factor (brain extract) and Ca 2 *. In the standard assay 
undiluted tissue factor is used and addition of EPI has only 
little effect on the coagulation times observed (see example 
2) . A much more physiological assay is obtained when the tissue 

10 factor solution is diluted considerably. Then the coagulation 
time becomes dependent on extrinsic as well as intrinsic 
coagulation factors (BrinXhous et al. Proc Natl Acad Sci USA 
86, p 1382, 1989). Pig. 1 shows that addition of rEPI increases 
the coagulation time by approximately two seconds for each EPI 

15 unit added. Surprisingly addition of antibody towards EPI 
(removal of one EPI unit) shorten the coagulation time by 30 
seconds. Control experiments were performed to ensure that the 
effect was really due to inhibition of EPI. 

The following results were found: 

20 A. Addition of excess antibody did not further shorten the 
coagulation time. 

B. The titer of the antibody in EPI activity inhibition assay 
corresponds to the titer observed in coagulation time 
shortening assay. 

25 c. The antibody was affinity purified by pure rEPI coupled to 
Sepharose. The resulting IgG preparation showed on a mg 
basis a 10 fold increase in titer towards coagulation time 
shortening as well as towards EPI activity. 

D. When antibody was added in an amount just sufficient to 
30 shorten the coagulation time then addition of rEPI had a 

more pronounced effect on the coagulation time increase 
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compared with addition to plasma without antibody (Fig. 
2). 

E. EPI deficient plasma was prepared from normal plasma by 
immunoab sorption. This plasma had a reduced coagulation 
5 time compared with normal plasma. Addition of antibody in 

the coagulation analysis did not further shorten the 
coagulation time of the deficient plasma. 

Antibodies that block EPI activity have been described in the 
literature (Novotny et al. Blood 72 , p -2020, 1988) . However, 
10 inhibition of plasma EPI by an antibody has not been described 
and it has not been observed that such an antibody may have a 
significant direct effect on coagulation and consequently on 
the haemostatic balance. 

To measure EPX, Novotny et al. use a complicated 3 stage 
15 coagulation assay. EPI sample is first incubated with TF, 
FVIIa, FX and Ca 2 * is added. Then FX is added and after 1 min. 
incubation FX deficient plasma and rabbit brain cephalin are 
added. In this assay EPI inhibits the TF activity and it has 
been shown that anti EPI antibody inhibits the effect of EPI. 

20 in a one stage coagulation assay a mixture of Ca 2 * and TF are 
added directly to plasma and the coagulation time is recorded. 
In such an assay Broze et al. (Biochemistry 29, p 7543, 1990) 
found it necessary to add 2.5 fig EPI/ml (50 U/ml) to obtain 
just 50% reduction in apparent TF activity. 

25 Surprisingly we find that adding anti-EPI to plasma (removing 
1 U of: EPI) significantly affect the coagulation time when 
coagulation was initiated directly by dilute TF. This coagula T 
tion assay mimmics the physiological situation since it is the 
only type of coagulation assay that is dependent on the 

30 presence of both FVII, FVTII and FIX all factors that are 
necessary to obtain normal haemostasis. 
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Furthermore, plasma EPI has been purified (Novotny et al. J 
Biol Chem 264, p 18832, 1989). However, it has not been 
observed that the plasma EPI has a significant effect on 
coagulation, at least not to such a degree that the~~inhibition 
5 of EPI would affect the haemostatic balance. Thus it has been 
stressed that documentation for the psysiologic importance of 
EPI remains to be provided (Broze, Biochemistry 29, p 7539, 
1990) . our observation, that- plasma EPI significantly affects 
the coagulation time of plasma, provides evidence that EPI has 
10 an important role for the haemostatic balance. Furthermore, our 
experiments provide evidence that blocking of EPI will be able 
to reduce bleeding tendencies* 

SUMMARY OF THE INVENTION 

In its first aspect the present invention is thus related to a 
15 pharmaceutical preparation for the treatment of patients with 
prolonged coagulation time wherein the preparation as an active 
component contains an EPI inhibitor. 

In a second aspect the invention relates to a method for 
treating patients with a prolonged coagulation time wherein a 
20 preparation, containing an EPI inhibitor, is administered to 
the patient. 

Ih a third aspect the invention relates to the use of an EPI 
inhibitor for the production of a pharmaceutical preparation 
for the treatment of patients with prolonged coagulation time. 

25 EXPERIMENTAL PART 

Preparation of anti-EPI antibodies: Recombinant human EPI 
(rEPI) was obtained from transfected BHK cells as described by 
Pedersen et al. (J Biol Chem, 265, p 6786-6793, 1990). rEPI was 
purified by heparin affinity .chromatography, ion exchange and 
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r versed phase chromatography (Hordfang et al. r Biotech Plasma 
Prot p 98, 1990). rEPI obtained in this way was pure judged 
from SDS-PAGE. Rabbits were immunized on day 0, 14 , 35 followed 
by 21 days intervals. Each immunization was with 0.1 mg of rEPI 
5 in adjuvans. The first immunization was with Freunds complete 
adjuvants while the next immunizations were with Freunds 
incomplete adjuvans. The antisera obtained were tested for 
inhibition of EPI activity in EPI activity assay and the 
inhibition was quantitated like FVTII inhibiting antibodies in 

10 Bethesda assay: equal volumes of diluted antiserum and EPI (1 
U/ml) were incubated for 2 hours at 37 *c. EPI activity was 
measured, and the dilution of antiserum that inhibits the 
activity by 50% gives the titer. The rabbit antisera hadl 
inhibiting titers between 1000 and 4000 "Bethesda-like" 

15 units/ml towards both rEPI and human plasma EPI. Below 50 fold 
dilution serum from un immunized rabbits did not influence the 
activity of the EPI sample (1 U/ml) • IgG was purified from the 
antisera by anion exchange chromatography. The IgG preparation * 
with 8 mg IgG/ml contained 2000 "Bethesda-like" inhibiting 

20 units/ml- towards human plasma EPI. 

Assay for EPI activity ; EPI was measured in a chromogenic 
microplate assay, modified after the method of Sandset et al, r 
(Thromb Res 47 , P 389, 1989) . Heat treated plasma pool was used 
as a standard. This standard is set to contain 1 U/ml of EPI 

25 activity. Standards and samples were diluted in buffer A (0.05 
M tris/0.1 M NaCl/0.1 M Na-citrate/0.02% KaNj/pH 8.0) containing 
2 /xg/ml polybrene ana 0.2% bovine serum albumin. FVIIa/TF/- 
FX/CaCl 2 combination reagent was prepared in buffer A and 
contained 1.6 ng/ FVIIa (Novo Nordisk A/S) , human tissue factor 

30 diluted 60 fold (Hjort, Scand J Clin Lab Invest 9, 1957) , 50 
ng/ml FX (Sigma) and 18 mH CaCl 2 . The assay was performed in 
microplate strips at 37 # c. 50 pi of samples and standards were 
pipetted into the strips and 100 jtl combination reagent was 
added to each well. After 10 minutes incubation, 50 of FX 

35 (3.2 Mg/ml) was added to each well and after another 10 minutes 
25 /il of chromogenic substrate for FXa (S2222) was added 10 
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minut s after the addition f substrate. The reaction was 
stopped by addition of 50 Ml 1.0 M citric acid pH 3.0. The 
microplate was read at 405 nm. 

Coagulation assay ; Coagulation activity was measured using an 
5 ACL coagulation apparatus. 20 /il of antibody solution or EPI 
solution was incubated with 200 Ml plasma for 15 minutes at 
room temperature. After preheating to 37 *C the ACL mixes 75 Ml 
of plasma sample with 75 Ml of diluted TF in 20 mM CaCl 2 , 50 mM 
NaCl, 17 mM imidazole, 33 Mg/»1 BSA, pH 7.4. 



10 EXAMPLE 1 

Coagulation assay was performed as described above using 20,000 
fold dilution of tissue factor. Table 1 shows the effect of 
adding anti-EPI to 10 individual donor samples, 7 haemophilia 
A samples and 1 haemophilia B sample. It appears that a 
15 considerable shortening of coagulation time was observed, 
especially for the haemophilia samples. These data reflect the 
tentative greater importance of a powerfull extrinsic, FVII 
dependent pathway in the case of an impaired intrinsic coagula- 
tion pathway (haemophilia A and B) . 

20 Table 1 . Effect of anti-EPI on the coagulation time of in- 
dividual plasma samples. 







donors (n«10) 


haem A (n=*7) 


haem B (n=l) 


25 

• 


Coagulation time 
without Ab 
range 


102 
91-113 


131 
104-165 


165 


30 


. Coagulation time 
with anti-EPI 
range 


77 
71-87 


92 
82-113 


116 


35 


Reduction , sec . 
range 


26 
11-39 


39 
22-63 


49 
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EXAMPLE 2 

Coagulation assay was performed with a n rmal plasma pool using 
different dilutions of TF. Table 2 6h ws that the more TF is 
diluted, the more significant is the effect of adding anti EPI 
5 to plasma. This illustrates that the longer the coagulation 
time, the more effective will anti-EPI be in shortening the 
coagulation time. 



Effect of adding anti-EFI or EPI as a function of coagulation 
10 time. 









Coagulation time 


in seconds 






Dilution 


Normal 


Normal plasma 


% Of 


NP with 


%of 


15 


of TF 


plasma 


with anti-EPI 


NP 


16 U/ml 


NP 












of rEPX add. 






60 


16.6 


16.1 


97 


17.6 


106 




300 


28.1 


24.5 


87 


31.4 


112 


20 


1,500 


49.0 


38.9 


79 


59.0 


120 




7,500 


92.0 


64.8 


70 


123 


134 




15,000 


121 


80.5 


67 


>165 


>136 




21,000 


143 


91.3 


64 


>165 


> 




30,000 


>165 


102 


<62 


>165 


> 


25 


45,000 


>165 


117 


< 


>165 


> 



EXAMPLE 3 

Citrate plasma was drawn from a patient after Cardiopulmonary 
bypass surgery (CPB) . In this procedure the patient is anti- 

30 coagulated with large doses of heparin. After operation the 
heparin is neutralized by injection of protamine sulphate. 
Measured by a chromogenic FXa inhibition analysis the plasma 
sample contained no heparin. In Sandset EPI assay the sample 
contained 2 U/ml of EPI activity. Table 3 shows the dilute TF 

35 coagulation time of this plasma before and after addition of 
anti-EPI. It appears that the coagulation time is prolonged and 
tfcat antj-EPl can shorten the coagulation time . Thus increased 
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EPI levels may be one f the reasons why CPB patients blei 
during and after the operati n. 



Table 3 , Effect of anti-EPI on the coagulation time of plasma 
from a CPB pateint. 



5 



10 





Donor pool plasma 


CPB patient plasma 


Coagulation time 


100 


>165 


without antibody 


Coagulation time 




82 


with anti-EPI 


70 



EXAMPLE 4 

15 Heparin binding protein (HBP) W08 9/08 666 is a protein from 
neutrophil granula that shows high homology to elastase. HBP is 
not an enzyme by itself, but seems to bind enzyme inhibitors. 
When tested in EPI assay the titer of HBP towards EPI is 10 
"Bethesda like" units/mg. HBP also blocks the inhibition of FXa 

20 by EPI with a corresponding titer. When added to normal plasma 
in a concentration of 150 ng/ml, the dilute TF induced coagula- 
tion time was shortened (Table 4). 

Table 4 . - Effect of HBP on the coagulation time of normal 
plasma : 



25 





Coagulation time, sec. 


Normal plasma 


98 


Normal plasma with anti-EPI 


70 


Normal plasma with HBP 


81 
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CLAIMS 

1. A pharmaceutical preparation for the treatment of patients 
with prolonged coagulation time characterized in 
that the preparation as an active component contains an EPI in- 

5 hibitor. 

2. A pharmaceutical preparation according to claim 1, wherein 
the coagulation malfunction is due to haemophilia A or B. 

3. A pharmaceutical preparation according to claim 1, wherein 
the coagulation malfunction is due to Xdiopatic Thrombocytope^ 

10 nia (ITP) , surgery procedures or DIC. 

4. A method for treating patients with prolonged coagulation 
time, which comprises administering to the patient a therapeu- 
tically effective dosage of the preparation according to claim 
1. 

15 5. A method according to claim 4, wherein the coagulation 
malfunction is due to haemophilia A or B. 

6. A method according to claim 4, wherein the coagulation 
malfuntion is due to Xdiopatic Thrombocytopenia (ITP) , surgery 
procedures or Die. 

20 7, Use of an EPI inhibitor for the production of a pharmaceu- 
tical preparation for the treatment of patients with prolonged 
coagulation time. 
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Diluted TF induced coagulation time as a function 
of added rEPI 




EPI ADDED (0) OR ANTIBODY. TOWARDS EPI (0) 

FIG. 1 
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Diluted TF induced coagulation time of plasma and 

PLASMA WITH ANTI-EPI 




REPI was added in different concentrations to plasma. 
The samples were incubated with buffer (0) or with 
antibody towards EPI (0) 

FI6. 2 
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